Tumour celi membrane fatty acid composition was investigated using an animal model of colorectal carcinogenesis. Eighty six male Wistar rats were fed experimental diets containing either 5% saturated fat or 20% saturated fat. Colorectal tumours were induced by intraperitoneal injection of azoxymethane, and control rats received saline. Animals were killed at intervals up to 26 weeks after the last injection of carcinogen for histology and lipid analysis. Celi membrane fatty acids in colonic mucosa and colorectal tumours were determined by gas liquid chromatography. Animals fed the 20% fat diet developed more carcinomas (28 cancers in 14 rats) than those fed the 5% fat diet (14 cancers in 15 rats; X'=8'03, p=00046) but they did not develop significantly more adenomas (28 and 24 respectively). Celi membrane fatty acid analysis showed a considerable increase in the content of arachidonic acid (20:4, n-6) in the tumours (mean (SEM) 11-7 (1-5)%) compared with colonic mucosa (4.2 (0.4)%; p<0z05). Dietary fatty acid composition was also found to influence the profile of fatty acids in the colonic mucosa. This study suggests that a high saturated fat diet promotes the malignant transformation of colorectal adenomas. The colorectal tumours were characterised by an increased cell membrane arachidonic acid, the precursor of putative cancer promoting prostaglandins.
The relation between dietary fat and colorectal cancer is not fully understood. Evidence from epidemiological studies suggests that a high intake of saturated fat is associated with colorectal carcinogenesis.'2 This finding has been supported by experimental studies using rodent models. These show that high saturated fat diets strongly promote the development of colorectal tumours that have been initiated by chemical carcinogens. 34 How dietary lipids promote cancer is not clearly known. Although much of the research has centred on the possible indirect effects of dietary fats, such as that on faecal bile acids,5 more direct mechanisms have received little attention. 4 Thus, exogenous fatty acids may result in changes in the fatty acid profile of colonic mucosal cell membranes. 6 Exogenous fatty acids may cause a variety of important structural and functional changes such as fluidity,67 permeability,8 carrier mediated transport, ' increased exposure of membrane proteins,'" receptor mobility," and receptor binding. 2 In vitro, increased malignancy may be related to increased membrane fluidity, increased unsaturated fatty acid content, and increased values of phosphatidyl inositol. 3 Surprisingly, there have been no studies on colonic mucosal cell membrane fatty acids in either human or experimental colorectal carcinogenesis. In a study in which a 5% saturated fat diet was given as the ethyl ester of stearic acid, Sakaguchi et al`4 were unable to show any significant changes between azoxymethane induced colorectal tumours and unaffected mucosa, but only total lipid extraction was employed in this work.
We therefore undertook the present experimental colorectal tumour study in which cell membranes of tumours and mucosa were prepared for fatty acid analysis and compared the findings of a 20% saturated fat diet, which has been shown to be tumour promoting, to those of a 5% saturated fat diet. 34 
Methods

EXPERIMENTAL DESIGN
Eighty six weanling male Wistar rats weighing 50-75 g were supplied by Harlan OLAC Limited (Oxford, UK). After a one week period of acclimatisation, the 5 week old rats were divided into two experimental groups to receive either a 5% saturated fat diet or a 20% saturated fat diet. The diets containing 5% and 20% saturated fat as beef suet were prepared by Special Diet Services (SDS) Limited, Witham, Essex. The composition of the basal diet used to constitute the two types of diet are shown in Table I . The relative proportions of the major fatty acids in these two diets are shown in Figure 1 . The fatty acid composition of the two diets differed in only one important respect -there was more linoleic acid (18: 2, n-6) in the 5% fat diet (12% v 5%). This difference was deliberate. We wanted to ensure that there was sufficient dietary intake of linoleate as this is an essential fatty acid which, if deficient, would have seriously affected the animals in this group. The total calorific value of the 5% fat diet was 12 MJ/kg and that for the 20% fat diet was 15 MJ/kg. Animals were housed in the Biomedical Services Unit, Leicester University; four to a cage with diets and water being given freely. The rats were observed daily and weighed weekly. For each group of 43 rats being fed a special diet, 33 were treated with the carcinogen, azoxymethane, which was injected intraperitoneally in a dose of 15 mg/kg once a week for six weeks. The remaining 10 rats in each dietary group acted as controls for that group and were injected with an equal volume of carrier solution (0.9% saline) weekly for six weeks.
The 33 azoxymethane treated rats in each dietary group were further subdivided into two All the histological material generated by the study was examined by one consultant pathologist (ICT) who was unaware of the experimental group from which specimens were taken.
At necropsy the entire colon and rectum were removed. This procedure was facilitated by division of the pubic symphysis, enabling complete excision of the rectum and anus. The bowel was opened longitudinally, cleaned with normal saline, and pinned out on a cork board. It was measured from the proximal caecum to the anal verge. The sites of any tumours were measured from the proximal caecum and distances were standardised as percentages of the length of the bowel wall. Extracolonic neoplasms were carefully sought and biopsy samples were taken. The liver was histologically processed in search of any metastases.
After fixation of the colon and rectum in 10% formalin, tumours were excised and processed individually. The specimens were embedded in paraffin wax, cut into 4 urm thick sections, and stained with haemoxylin and eosin. All the slides were coded, and the code was broken only after all the specimens had been examined. The maximum size of each tumour was measured and the tumours were categorised into adenomas or carcinomas.
Adenomas were classified as tubular, villous, or tubulo-villous type. Dysplasia was also recorded as mild, moderate, or severe.
Carcinomas were staged as follows: stage Al=carcinoma invading no deeper than the submucosal layer; stage A2=carcinoma invading the muscularis layers but not beyond the bowel wall; stage B=invasion of carcinoma through the wall. The carcinomas were also graded histologically: grade 1 =well differentiated; grade 2= moderately well differentiated; grade 3=poorly differentiated.
ANALYTICAL PROCEDURES
Cell membranes were prepared from colonic mucosa and tumours using an adaptation of the methods of van Blitterswijk et al`and Standring and Williams. '6 In brief, after homogenisation, cellular organelles were discarded subsequent to centrifugal separation at 70000 g for one hour using a fixed angle rotor (Centikon). The crude membranes were then purified by density centrifugation at 110000 g for 15 hours and washed in NaCl-Tris HCI buffer at 70 000 g for one hour. Fatty acids were extracted from cell membranes using the method of Bligh and Dyer,'7 and were further purified using silica Sep-Pak cartridges (Waters Associates, Milford, Mass, USA). Saponification and methyl esterification was undertaken using the methods of Alexander et al. 8 The fatty acid methyl esters were identified and quantified by gas liquid chromatography (GLC), using a Perkin-Elmer F17 chromatograph fitted with an on column injector and a flame ionisation detector. The column used was a 3-6 mm diameter stainless steel type, packed with 15% CP-Sil 84 on Chromosorb W HP (100-120 mesh, supplied by Chrompack, UK). The analytical conditions were as follows; carrier gas supply pressure 100 kNm-2, inlet pressure 140 kNm-2, injection port temperature 2500 C. The GLC was interfaced with a Shimadzu integrator Figs 4 and 5) . The analysis also showed significant differences in the overall fatty acid profiles of cell membranes from malignant and non-malignant colonic mucosa, this effect being due to increased arachidonic acid in the tumours of both groups.
Discussion
Analysis ofthe tumour yield showed that a higher saturated fat diet was associated with greater colorectal tumour promotion than a low fat diet. This finding is consistent with work from other groups, which has been reviewed previously. 4 The analysis of tumour cell membrane fatty acid composition showed consistently high values of arachidonic acid in colorectal tumour tissue when compared with the surrounding nonmalignant colonic mucosa. This contrasts with the results of Sakaguchi et al, who found no excess of arachidonate. These authors, however, looked only at total lipid extraction. '4 In the present study, we undertook exacting separation of cell membranes, the main site for fatty acid substrates involved in important biotransformation processes. This study showed for the first time significantly increased concentrations of cell membrane related arachidonic acid in colorectal tumours. Moreover 23 weeks) was 1 0 MJ/kg/day for control animals on the low fat diet compared with 0-6 MJ/kglday for control animals on the high fat diet. Despite the apparent higher caloric intake, animals on the low fat diet gained less weight, an observation consistent with previous studies. 36 In our experiments this might be explained by the relative proportion of linoleic acid in the two diets (12% in the low fat diet and 5% in the high fat diet), as this suppresses the lipogenic effect of dietary carbohydrates.37 Finally, there were no significant differences for either food consumption or weight gain between the two dietary groups that received azoxymethane.
Thus, it seems that the greater proportion of cancers developing in the high saturated fat dietary group is not directly related to caloric intake. Lipid metabolism in cancer patients undergoes subtle and ill defined alterations.38 A long term high saturated fat diet raises the concentrations ofserum lipids and the peripheral activity of lipoprotein lipase.3 Moreover, increased low density lipoprotein receptor activity is a feature of growing cells and some malignancies."' Whether this process is also involved in driving the development of benign to malignant cancers remains to be determined. 
